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TOM TAT

Nghién cuu nay dé xudt bo dieu khién truot dong dwa vao ham chuyén mach dong va gioi han
trén cho hé théng giam xoc — vdt — lo xo voi nhiéu. Pao ham ngo vao diéu khién ciia bg diéu
khién trwot dong dwoc xem nhw bién diéu khién méi cho hé thong tang cueong bao gom hé thong
ban dau va bg tich hop. Bo diéu khién truot dong co thé chuyén diéu kién khong lién tuc sang
dao ham bdc mot cua ngo vao diéu khién. Vi thé, bg diéu khién dé xudt giam dang ké hién tuwong
chattering cua diéu khién truot truyén thong. Céc két qua mé phong véi MATLAB/Simulink dwgc
so sanh véi b diéu khién PID chirng minh hiéu qua ciia phirong phdp dé xudt véi thoi gian ting
dat 0.4443(s), thoi gian xdc lap la 0.7292(s), do vot 16 1a 0.0089(%) va sai s6 xdc ldp hoi tu vé 0.
Tir khoa: Diéu khién truot dong; Gidi han trén; Ham chuyén mach dong; Hé giam xoc — vat — 10 xo;
MATLAB/Simulink

1. MO PAU

Phuong phép diéu khién truot duoc biét dén nhu 1a mot phuong phéap diéu khién bén vimng va
hiéu qua trong méi truong phirc tap va hé thdng dong luc hoc boi kha ning loai bé nhidu ngoai
vbn ¢6 ctia n6 [1]. Do d6, dicu khién trugt c6 dién va nang cao 1a cac phuong phap duoc sir dung
thuong xuyén trong cac hé thong diéu khién khac nhau, dic biét 1a hé thong giam xoc — vat — 10
xo. Tuy nhién, diéu khién trugt c6 dién ludn gy ra hién tuong chattering boi thanh phan khong
lién tuc cua luat diéu khién chuyén mach [1, 2]. Khi xay ra hién tuong chattering & tin hiéu diéu
khién, cac mach cong suit d& bj qua nhiét dan dén hu hong, tiéu thy nhiéu nang luong va nhiét,
hao mon chuyén dong cua cac bd phan co khi [3]. Nhiéu nghién ctru vé diéu khién truot ning
cao hodc tich hop thuat toan diéu khién truot mé rong véi cac ky thuat diéu khién hién dai da
dugc gioi thiéu nham khéc phuc nhugc diém nay, tiéu biéu nhu diéu khién truot thich nghi véi
ham Hyperbolic Tangent [4], diéu khién truot voi mo hinh mo [5], diéu khién truot dau cudi
thich nghi [6], diéu khién truot st dung mang no-ron [7], diéu khién sir dung phuong phap do thi
lién két [8]. Trong nghién ciru nay, bo diéu khién truot dong dya vao ham chuyén mach dong va
gi6i han trén duoc dé xudt dé giam anh huéng cua hién twong chattering quanh mét truot.

Thoi gian gan déy, diéu khién truot dong thu hat sy quan tim 16n ciia cac nha khoa hoc vi day
1a phuong phap dac biét dé giam chattering thong qua bg tich hop trong h¢ thong [9]. Pao ham
ngd vao diéu khién cia bd diéu khién truot dong dugc xem nhu bién diéu khién méi cho hé
thong ting cudng bao gom hé thong ban dau va bo tich hop. Hién tuong chattering giam déng ké
va dic tinh loai bo nhiéu dugc dam bao do khong co 16p ranh gidi nao dugc str dung trong bd
diéu khién trugt dong. Vi ban chat cia ham bao hoa the hién ngoai 16p bién, diéu khién chuyén
mach dugc lya chon, trong 16p bién, diéu khién hoi tlep thong thuong dugc thong qua. Vi vy,
hién tuong chattering dugc han ché mot cach triét dé [10]. Bo diéu khién d& xuét dugc kiém
chung trong diéu khién bam vj tri hé thong giam xoc — vat — 10 xo. Pay 1a hé thong duogc st dung
rong rai trong cac linh vya k¥ thuat [11], dac biét 1a trong céac linh vuc linh vuc Ty dong hoa va
Co dién tir [12, 13], chang han nhu: diéu khién tay may robot, hé thong treo xe bus va cac tng
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dung trong didu khién vi tri [12, 13]; trong viéc gidm rung dong, trong phén tich hé thong diéu
khlen va trong mdy phat dién [14]. Cac (ng dung cua h¢ thong giam xéc — vat — 16 xo déu cung
cép do tin cdy cao hon nhu tang cac hé sb an toan hodc héap thy cac luc tic dong [11].

Bai bao duoc t6 chirc gdm 5 phan: mé hinh toan hoc ciia hé thong dugc trinh bay trong phan
2, phan 3 trinh bay phuong phap thiét ké bo dicu khién truot dong dwa vao ham chuyén mach
dong va gi6i han trén cho hé thong, két qua mo phong va danh gia dugc trinh bay trong phan 4,
két ludn 1a phan 5.

2. MO HINH TOAN HQC CUA HE THONG GIAM XOC - VAT - LO XO

M5 hinh h¢ théng giam xdc — vat — 10 xo gdm vat co khdi lugng m; hé s6 giam xoc d va 10 xo

véi d cing k dugce trinh bay nhu Hinh 1 [15]:

Luc tac dong

l ()
Vi tri
| )

_____ S

Hinh 1. M6 hinh hé thong giam xéc — vit — 10 Xo.
Phuong trinh khong gian trang thai mé ta hé thong giam xéc — vat — 10 X0 nhu sau [15]:

% (t)=x(t) (1)
Xz(t)zf(x)+%u(t)+d(t) @
Trong do: f (x) =—£x1(t)—£x (1)
m m’
Vango ra:
y(t)=x(t) 3)
Véi: m 1a khéi luong cia vat (kg)' dlahé sé giém x6c (Ns/m) va k 1a do cting 10 xo (N/m).
Trong do: x(t)= [X1 (t) x :| % (t ) la trang thai cta h¢ théng, y(t) 1a tin hiéu ngd
ra — vi tri cua vat va d ( )bao ham nhleu ngodi va cac yéu td bat dinh khac,

|d(t) <Dy, [d(t)| <D
3. THIET KE BQ PIEU KHIEN TRUQT PONG DUA VAO HAM CHUYEN MACH
PONG VA GIOT HAN TREN
Mat trugt dugc dinh nghia nhu sau [10]:
s(t)=ce(t)+é(t) (4)
Trong d6, ¢ >0 14 hé s dugc chon trude sao cho da thire dic trung cua (4) Hurwitz.
Véi sai sO va dao ham sai sO nhu sau:

e(t)=y(t)—yq(t) (5)
e(t)=y(t)-Yq (1) (6)
&(t)=9(t)—,(t) ()
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Dao ham cua mt truot s(t) nhu sau:

$(1)=ce(t)+&(t) =ce(t) + £ (x)+ Zu(t)+d(1)-3, (1
Ham chuyén mach dong méi dugc xay dung nhu sau:

o(t)=3(t)+s(t)

Trong do, A >0 lahé s6 duoc chon trude sao cho da thie dic trung cua (9) Hurwitz.

Khi o(t)=0, $(t)+4s(t)=0 la 6n dinh tiém cén, do d¢, e(t) >0 va é(t) >0.
Phan tich 6n dinh duoc thuc hién nhu sau:
Tu (9), ta co:

a(t)zs'(t)+/13(t)=cé(t)+f(x)+%u(t)+d(t)—yd(t)+ﬂ,s(t)
Pao ham cua (10) va két hop véi (8), ta co:
o(t)=c8(t)+ f (x)+%u(t)+d(t)—'y;j (t)+28(t)
=(c+2) F (x)+ T (x)=(c+24)3, (1) = Vi (1) +d (1)
#(c+ 2)d(0)+ 208(t) +—(c+ 2)u(t) +-u(t)

Véi luét tiép can toc do hang nhu sau [10]:

& (t)=—nsign(s(t))

(8)

(9)

(10)

(11)

(12)

Bo diéu khién truot dong dua vao ham chuyén mach dong voi luat tiép can tdc do h::ing nhu sau:

u(t)= m{—(c+/1) f(x)=f(x)+(c+2)¥, (t)+V, (t)—/icé(t)—%(c+/1)u(t)—nsign(cr(t))}

T (11) va (13), ta co:
o(t)=d(t)+(c+1)d(t)-nsign(o(t))
Ham Lyapunov dugc dinh nghia nhu sau:

V(t)=

1

Eaz(t)
Pao ham cua (15) nhu sau:
V(1) = 0(t)6 (1) = (0] d (1)+(c+ 2)d (1) rsign(o (1)
=o(t)[d(t)+(c+A)d(t)]-n|o(t)
Véi n>D+(c+1)D,, taco:
V()= (t)[d(t) +(c+2)d (t)|-nlo(t) <(D+(c+2)Dy)o(t) =nlo(t) <O

(13)

(14)

(15)

(16)

A7)

Véi gid tri cia 77 thda diéu kién trén thi V (t)<0. Hé thong s& on dinh theo Lyapunov. Lic

ndy, sai s e(t)s& hoi tu vé 0 dan theo s(t)—>0 va o(t)—>0 khi t —oo. Luat diéu khién (13)
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diéu khién vi tri thuc t& cua hé thé)ng hoi tu vé vi tri tham chiéu trong thoi gian hitu han. Tuy
nhién, ham Sign(a(t)) trong (13) s€ gy ra hién tugng chattering quanh mat truot. Dé han ché
hién tuong nay, ham bao hoa Sat(O'(t)) duoc st dung thay vi ham Sign(a(t)) trong (13).
Phuong trinh toan hoc ctia ham bao hoa nhu sau [10]:

1 o(t)>A
sat (o (1)) = ko (1) o] sak=1 (18)
-1 O'(t)<—A

Trong do: A 1a 16p bién.

Ban chat cua ham bdo hoa 13: ngoai 16p bién, diéu khién chuyén mach dugc Iya chon, trong
16p bién, di€u khién hdi tiép thong thuong duoc thong qua. Vi vay, hién tugng chattering dugc
han ché mot cach triét de.

Luc nay, bd diéu khién truot dong dua vao ham chuyén mach dong va gidi han trén hé théng
giam xo6c — vat — 10 xo nhu sau:

0(t)= m[—(c L) F(3)= f (x)+(c+ )7, (1) + 7, (t)—/lce'(t)—%(c+l)u(t)—nsat(cr(t))} (19)
V6i lut diéu khién nhu (19), vi tri thyc t€ cia h¢ thong dam béo hoi tu v& vi tri tham chiéu
trong thoi gian hitu han va han ché dang ké hién tugng chattering quanh mat trugt.
4. KET QUA MO PHONG VA PANH GIA

So' do cAu tric bo dieu khién truot dong dwa vao ham chuyén mach dong va gioi han trén
(DSMC-DSF-UB) hé thong giam x6c — vat — 10 xo dugc trinh bay nhu hinh 2:

Vd e Diéu khién truot dong dua | f Hb théne eia v
—  vao ham chuyén mach f £ et >
+ ) L A xoc —vat — 1o xo
. [ dong va gig1 han trén

Hinh 2. So' d6 cdu triic bé diéu khién DSMC-DSF-UB.

Cac thong s6 cua hé thong dugc trinh bay nhu bang 1 va bang 2 trinh bay cac thong s6 cta bd
diéu khién DSMC-DSF-UB. Cac thong sO nay cua bang 2 duoc lya chon dwa vao phuong phap
thir va sai trong qua trinh md phong két hop voi quan sat dap ung ciia hé thong dé lwa chon cac
gia tri phu hop.

Bing 1. Cdc thong so ciia hé thong gidam xéc — vit — 10 X0.

Thong s6 Y nghia Gia tri Pon vi
m Khéi lwong caa vat 2 kg
k b cung 10 xo 3 N/m
d Hé s6 giam xdc 5 Ns/m

Bing 2. Cdc théng sé cia bg diéu khién DSMC-DSF-UB.
Thoéng so c A Do D n A
Giatri 10 55 8 6 526.5 0.5
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So 6 mo phong bd diéu khién dé xuat trong MATLAB/Simulink véi d (t) = 3Sin(t) dugc

trinh bay nhu hinh 3:

B xpw
B

DSMC-DSF-UB

y

Mass-Spring-Damper

Hinh 3. So do mé phong b diéu khién d@é xudt trong MATLAB/Simulink.
bép ung nic va sai s6 ctia bo DSMC-DSF-UB dugec trinh bay nhu hinh 4. Vi tri thuc té cua
hé thong giam xoc — vat — 10 xo hoi tu vé vi tri mong mubn véi thoi gian tang dat 0.443(s), thoi
gian xac 1ap la 0.7292(s), d6 vot 16 khoang 0.0089(%) va triét tiéu sai s6 xac 1ap v6i cac thong sb
ctia bd diéu khién dé xuat duoc trinh bay nhu bang 2. Néu gia tri ctia ¢ va 7 dugce chon 16n hon

hodc nho hon céac gia tri trong bang 2 thi thoi gian tang, thoi gian xac 1ap cua hé thong s& ting
1én va tin hiéu diéu khién u s& dao dong voi bién d6 16n hon. Tuong tu, neu gia tri cua 4 duoc
chon nho hon gia trj trong bang 2 thi dap g ctia hé thong xuét hién sai sd xac 1ap va do vot 16
tang 1én. Cac chi tiéu chét lugng dat dugc cua bd diéu khién dé xuét voi cac thong s6 nhu bang 2
dugc trinh bay trong bang 3 va duogc so sanh v6i bo diéu khién PID [16]. Qua bang 3 ta thiy rang
céc chi tiéu dat duoc cia bd DSMC-DSF-UB 4p dung cho hé thong nay hiéu quéa hon cac chi tiéu
da cong bd trong [16] bao ham nhidu ngoai va cac yéu td bat dinh khac.

DaR ung n?c cua Po DSN‘IC-DSF‘-UB

Q= = - -

05

Bien do(m)

- -y

y-DSMC-DSF-UB

I !
0 0.5 1 1.5

I I I
2 25 3 3.5 4

Sai so cua bo DSMC-DSF-UB
T T T T T

4.5 5

05

Bien do(m)

I 1 !
0 0.5 1 1.5

| | | | |
2 25 3 35 4
Thoi gian(s)

I
4.5 5

Hinh 4. Pdp iing ndc va sai sé ciia b¢ DSMC-DSF-UB.
Bing 3. Cdc chi tiéu chat lwong ciia b6 DSMC-DSF-UB.

Cic chi tiéu chét lwgng | DSMC-DSF-UB PID [16]
Thoi gian tang (s) 0.4443 0.442
Thoi gian xac 1ap (s) 0.7292 2.46
Do vot 16 (%) 0.0089 135
Sai sb xac lap (m) 0 -
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Hinh 5 trinh bay dao ham cua tin hi¢u diéu khién (du) va tin hi¢u diéu khién (u). Tin hiéu trén
hinh 5 cho thay hién tugng chattering quanh mat trugt da dugc giam dang ké. Diéu nay ching
minh sy phu hop va tinh hiéu qua ctia b DSMC-DSF-UB.

Tin hieu du cua bo DSMC-DSF-UB f
T T T T T T —

2000 F i i

1000 |- 1

Bien do(N)
o

-1000 - b

-2000 £ 1 1 1 I I I 1 | —
1.5 2 25 3 3.5 4 4.5 5

o
o
&)
N

20 Tin hieu u cua bo DSMC-DSF-UB

10 8

Bien do(N)
o

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Thoi gian(s)

Hinh 5. Tin hiéu du va u véi ngd vao ham ndc.

Dap ung sine cua bo DSMC-DSF-UB
T T T T T

1 T T T T ]
—~ 05
3
<]
© 0
c
Q
@ 05

= myd
Ak \ ‘ . . . ‘ y-DSMC-DSF-UB
0 1 2 3 4 5 6 7 8 9 10
Sai so cua bo DSMC-DSF-UB
0.03 T T T T T T T

—~0.02 -
E 0.0:
o)
°
5 0.01 H B
n

O =

Il Il 1 1 1 Il Il 1 1
0 1 2 3 4 5 6 7 8 9 10

Thoi gian(s)
Hinh 6. Pdp itng va sai sé véi ngé vao hinh sine.

Hinh 6 trinh bay dap ung va sai ’sé v0i ngd vao hinh sine va xung vudng cua bo DSMC-DSF-
UB cho hé théng,nély. Vi tri thyc té cua hé thong van bam theo vi tri tham chi€u trong thoi gian
hiru han véi sai so xac 1ap héi tu vé 0. Tin hi€u du va u véi ngd vao hinh sine dugc trinh bay nhu
hinh 8.
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Dap ung xung vuong cua bo DSMC-DSF-UB
T T T T

T
1 - - -
1
—_ 1 1
£ 1 1 '
[e]
c05m ! I i
2 12
s}
== =yd
o . | | . y-DSMC-DSF-UB
0 2 4 6 8 10 12
Sai so xung vuong cua bo DSMC-DSF-UB
05 T T T T T ;|
£ \_
S o
c
2
s}
-0.5F .
1 1 1 1
0 2 4 6 8 10 12
Thoi gian(s)
Hinh 7. Dap ung va sai s6 voi ngé vao hinh xung vudng.
Tin hieu du cua bo DSMC-DSF-UB voi sine
400 T T T T T T T T T
__ 200
Z
]
© 0
C
Q
o
-200
-400
30 Tin hieu u cua bo DSMC-DSF-UB voi sine
T T T T T
20 b

Bien do(N)
o
1

Thoi gian(s)
Hinh 8. Tin hiéu du va u véi ngé vao hinh sine.

Bo diéuNkhién deé g(uét cting duoc khao sat khi co nhiéu trér}g tac dong ¢ ngd ra cua hé théng
(gia str nhicu cam bién) c6 cong suat 1a 0.00001(w), chu ky lay mau 1a 0.001(s) nhu hinh 9 v6i
cac ngd vao la ham ndc, hinh sine va xung vudng. Két _qua trong truong hop nay duoc thé hién
trén hinh 10. Céc vi tri thuc té trong trudng hop nay van hoi tu vé vi tri mong mudn trong thoi
gian hitu han.

Céc két qua mo phong cho thdy hi¢u qua, sy phu hgp va tinh bén viing cia bo DSMC-DSF-
UB trong ing dung diéu khién bam vi tri hé thong giam xoc — vat — 10 Xo.
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Nhieu trang
04 T T T

Bien do(m)

0.4 1 1 1 1 1
0 2 4 6 8 10 12

T =0.001(s)

Hinh 9. Nhieu trang tac dong ¢ ngo ra cua hé thong (gia sir nhieu cam bién).
Dap ung nac cua bo DSMC-DSF-UB khi co nhieu

-

o
&

y-DSMC-DSF-UB

— -yd

Bien do(m)

L
25 3 35 4 4.5 5
Thoi gian(s)
Dap ung sine cua bo DSMC-DSF-UB khi co nhieu

o

o
o
(8}
-
(&)
N

Bien do(m)
o =

'
O

y-DSMC-DSF-UB

- g

Thoi gian(s)
Dap ung vuong cua bo DSMC-DSF-UB khi co nhieu

= y-DSMC-DSF-UB
é 1 — - yd
o
©
c 0.5
2
o

0

0 2 4 6 8 10 12
Thoi gian(s)

Hinh 10. Pdp irng bé diéu khién dé xudt véi cac ngé vao thay doi khi cé tac dong ciia nhiéu.
5.KET LUAN

Bai bao da thiét ké bo diéu khién trugt dong dua vao ham chuyén mach dong va gidi han trén
cho hé théng giam xoc — vét — 10 xo véi nhiu. Pao ham ngd vao diéu khién cia bo diéu khién
truot dong dugce xem nhu bién didu khién méi cho hé thong ting cudng bao gdm hé théng ban
dau va bo tich hgp duogc két hop véi gidi han trén da giam dang ké hién tuong chattering va dic
tinh loai boé nhiu dugc dam bao. Cac két qua méd phong voi MATLAB/Simulink cho thay su
phu hop, tinh hi¢u qué va bén ving ctia b diéu khién dé xudt voi cc chi tiéu chat lugng dat
dugc t6t hon bo diéu khién PID, phuong phap phan bd cuc va LQR dua vao mo phong toi luyén
va toi vu dan kién. Tuy nhién, cic thong s6 ctia b diéu khién duoc lya chon bang phwong phap
thir va sai. Trong thoi gian t&i, nghién ctru s& ing dung cac cong cu mém dé xac dinh cac gia ri
nay va thyc nghiém mé hinh thuc té.
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K7 thugt diéu khién & Dién tiv

ABSTRACT

Dynamic sliding mode control based on dynamic switching functions
and upper bound for the mass — spring — damper

This research proposes a dynamic sliding mode control based on dynamic switching
functions and upper bound (DSMC-DSF-UB) for the mass — spring — damper system with
disturbance. The time derivative of the control input of the dynamic sliding mode
controller (DSMC) is treated as a new control variable for the augmented system which is
composed of the original system and the integrator. This DSMC can transfer
discontinuous terms to the first-order derivative of the control input. Therefore, the
proposed controller effectively reduces the chattering phenomenon in the traditional
sliding mode control. Simulation results in MATLAB/Simulink are compared with PID
controller to demonstrate the effectiveness of the proposed method with the rising time
achieves 0.443(s), the settling time is 0.7292(s), the overshoot is about 0.0089(%) and the
steady — state error converges to 0.

Keywords: Dynamic sliding mode control; Upper bound; Dynamic switching functions; Mass — spring — damper
system; MATLAB/Simulink.
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